In Vitro Propagation by Asymbiotic Seed Germination and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activity Studies of Tissue Culture Raised Plants of Three Medicinally Important Species of Dendrobium
For pollination, the pollen from fully opened flower's pollinia was picked up using fine forceps and deposited on a stigma of another flower on a different plant. The hand-pollinated flowers were individually marked with tags. After pollinating the plants, the capsules were allowed to ripen by maintaining plants in the greenhouse for 12 weeks.
Seed Culture and Germination Capsules collected from hand-pollinated flowers after 12 weeks of pollination were surface-disinfected in 70% ethanol for 30 s, followed by 1.0% sodium hypochlorite (Clorox, The Clorox Co., Oakland, CA, U.S.A.) with two drops of Tween 20 ® per 100 ml (Hayashi Pure Chemical Industries Ltd., Osaka, Japan) under ultrasonic vibration (Branson Ultrasonic Cleaner, Branson Cleaning Equipment Co., Shelton, CT, U.S.A.) for 10 min, then rinsed five times with sterile distilled water. The capsules were dried in a laminar airflow and then dissected longitudinally with a surgical blade. The seeds were sown by spreading as thinly as possible over the surface of culture medium in 22ϫ120 mm glass test tubes (approximately 10 test tubes per capsule), each containing 10 ml of medium. The medium consisted of half-strength Murashige and Skoog's (MS) basal medium 30) with 3% sucrose, solidified with 0.9% Difco agar. Three capsules (thirty tubes) were evaluated per species, and the cultures were incubated for 16 weeks. The percentage of green healthy seedlings, and green and white protocorm like bodies (PLB) were scored after 16 weeks of culture at 25Ϯ1°C under cool white fluorescent light at 40 mmol · m Ϫ2 · s Ϫ1 with a 16-h photoperiod per day. The pH of all media was adjusted with 1 N NaOH or HCl before autoclaving at 121°C, 105 kPa for 15 min. The culture vessels were capped with two layers of aluminum foil before autoclaving and sealed with three layers of Parafilm M ® (American National Can TM , U.S.A.) after inoculation, to avoid media dehydration during the long culture period.
Growth of Seedlings Four-month-old seedlings were recultured in 500 ml flasks, each containing 100 ml of full strength MS basal medium supplemented with 8% banana homogenate, 8% potato homogenate and 8% coconut water. Sucrose (1.5%) was used as a carbon source, and the medium was solidified with 0.9% Difco agar. Freshly purchased bananas and potatoes were cut in small pieces, weighed, and then grinded in a mixer. The coconut water from green tender coconuts was used. The homogenate and coconut water was added to the medium before autoclaving. One hundred explants were tested for each treatment. Twenty-five explants were cultured per flask. Four flasks were cultured for each species. The pH of the medium was adjusted to 5.7Ϯ0.1 prior to autoclaving. The flasks were incubated at 25Ϯ1°C under cool white fluorescent light at 40 mmol · m Ϫ2 · s Ϫ1 with a 16-h photoperiod per day. The observations, including the fresh weight of the plants, height of the plants, diameter of the stem, number of expanded leaves, and number and length of roots were recorded after 20 weeks.
Transfer of Plants to Greenhouse for Hardening The plants from each species, with well developed rhizomes and shoots, were washed thoroughly under tap water for 2-3 min to remove traces of agar-gelled medium sticking to them. These were then planted in plastic trays (diameter 6 cmϫheight 5.5 cmϫ20 hole) containing moss and tree fern (1 : 1 vol : vol) or moss as a substrate and kept in the greenhouse. The plants were initially covered with a polythene sheet for one month to maintain high humidity (above 70%), and were irrigated twice a week with tap water. After one month the plants were irrigated once in a week.
1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activity Tissue culture raised plants grown for six months in a greenhouse were collected and freeze-dried in a lyophilizer (FTS System, New York, U.S.A.). The dried plants (5 g) were finely ground with mortar and pestle and extracted independently with methanol (50 mlϫ3) under 20 min sonication (Branson Ultrasonic Cleaner, Branson Cleaning Equipment Co., Shelton, CT, U.S.A.) to ensure the complete extraction. These extracts were filtered through an Advantec No.1 filter paper (Toyo Roshi Kaisha Ltd., Japan), and the methanol was evaporated in vacuo to dryness. The dry residue was further extracted with methanol and water. The methanol solubles were dried over anhydrous sodium sulphate and concentrated to get the crude residue under reduced pressure.
Scavenging activity on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals of Dendrobium extracts was measured according to the method reported by Blois 31) with minor modifications. Each sample stock solution was diluted to final concentrations of 400, 200, 100, 50 and 25 mg/ml. 0.2 ml of methanol and 0.3 ml of various concentrations of the samples in methanol was mixed in a 10 ml test tube. To this, 2.5 ml of 75 mM DPPH in methanol was added to achieve a final volume of 3 ml. The solution was kept at room temperature for 90 min and the absorbance at 517 nm (A 517 ) was measured. a-Tocopherol was used as reference compound. The DPPH scavenging effect was calculated as follows:
Where: A 0 : A 517 of DPPH without sample; A: A 517 of sample and DPPH; A b : A 517 of sample without DPPH.
Statistical Analysis The tissue culture data was analyzed using the least significant difference test. The DPPH Radical Scavenging activity of the methanolic extracts is expressed as the concentration required to effect 50% inhibition of decreasing signal peak height (IC 50 ), and the samples were analyzed two times.
RESULTS AND DISCUSSION
Plant Materials and Pollination Healthy growth and a uniform flowering pattern was observed in the plants growing under controlled greenhouse conditions. For carrying out artificial cross-pollination, it is necessary to obtain simulta-neous flowering in different plants. A synchronized flowering pattern has been observed in plants grown in a greenhouse. 32) Also, explants taken from the plants growing in controlled environmental conditions could be easily established in tissue culture. 33, 34) Seed Culture and Germination Data on the response of seeds obtained from capsules after 12 weeks of hand pollination for the two species D. monoliforme and D. tosaense after 16 weeks of culture on half-strength MS basal medium has been tabulated in Table 1 . Seed germination varied with the Dendrobium species. Seventy-four percent of the seeds developed into healthy seedlings, and only 1.5% of white PLB were observed when cultured for 16 weeks on half strength MS basal medium (Fig. 1A) . Tissue culture has been successfully employed for the propagation of orchid species. Germinating orchid seeds asymbiotically in sterile culture conditions is one of the methods of conservation and propagation of orchids. 35) Immature capsules have been used for the propagation of orchids, as they could be easily surface sterilized without causing more damage to seed viability. 32, 36, 37) Plant growth regulator, especially cytokinin, plays an important role in orchid seed germination, 38) however, in the present study the Dendrobium seeds germinated on medium devoid of cytokinin. This may be because of the presence of a sufficient level of endogenous cytokinin required for the initial stages of germination.
Growth of Seedling
The sub-culture of seedlings on the fresh medium of similar combination was not beneficial for further growth. Therefore, seedlings were subcultured on medium supplemented with 8% banana homogenate, 8% potato homogenate and 8% coconut milk to achieve profuse growth. A significant variation in the growth pattern was observed in the four-month-old seedlings obtained from the seeds derived from 12-week-old capsules cultured on the basal medium with various addendums (Table 2, Figs. 1B-D) . In orchids, organic additives such as coconut milk and/or banana homogenate and/or potato homogenate, added to the medium on seedling growth, supported the healthy growth of the shoots and/or seedlings. 32, [39] [40] [41] [42] [43] Healthy seedlings of the three species of Dendrobium were transferred on moss or moss and tree fern for ex vitro establishment of plants.
Transfer of Plants to Greenhouse The plants were successfully hardened in the greenhouse (Fig. 1E) . A high acclimatization rate (84-100%) of plants was obtained by maintaining high humidity (70%) conditions in the greenhouse under natural light and 25/20°C day/night temperature ( Table 3 ). The high humidity conditions prevented the wilting of healthy, nine-month-old seed-derived plants transferred to moss or moss and tree fern substrates. The tissue culture raised seedling derived plants were morphologically similar to the naturally grown plants. Plants grown in the green house were harvested and used to study the DPPH activity.
1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activity Currently there is much interest in the production of low-density lipoprotein in important cells and organs, as well as in food systems, to act against oxidative damage caused by superoxide, hydroxyl and peroxyl radicals. Obviously, there has been an increasing demand to evaluate the antioxidant properties of direct plant extracts or isolated compounds of plant origin rather than synthetic ones. 44) Since the DPPH system is a stable radical generating procedure and can accommodate a large number of samples in a short period, and is sensitive enough to detect active principles at lower concentrations, it was used in the present study for primary screening of the antiradical activities of the methanolic extracts of D. tosaense MAKINO, D. monoliforme SW, and D. linawianum REICHB. f. by UV spectrophotometric assay.
DPPH is a stable free radical that shows maximum absorptions at 517 nm in methanol. When DPPH encounters a proton donating substance, for example, an antioxidant, the radical would be scavenged and the absorbance at 517 nm is reduced. 45) Based on this principle, the antioxidant activity of a substance can be expressed as its ability to scavenge the DPPH free radical. The methanolic extracts of Dendrobium species are known to contain a wide variety of potentially useful chemical compounds that include alkaloids, 46) fluorenones and sesquiterpenoids, 47) stilbenoids, 15) alkyl ferulates. 48) Some of these chemical constituents, like stilbenoids, 49) alkyl ferulates, 48) aromatic phenolic compounds 50) are known to possess antioxidant activity. The antioxidant activity of methanolic extracts obtained from three in vitro propagated species of Dendrobium has been studied. Plants propagated by in vitro techniques showed less variation in the content of secondary metabolites than their cultivated/wild counterparts. 51) Also, in vitro propagated plants are found to contain higher amounts of active ingredients than the intact plants. 52, 53) The plants belonging to the genus Dendrobium were chosen to be evaluated for their antiradical capacity due to the presence of secondary metabolites that exhibit some interesting pharmacological properties. 20) The mean inhibition rate of 50% (IC 50 values) was calculated (Table. 4 ). All the extracts scavenged the DPPH radical significantly in a concentration dependent manner. The order of the antioxidant activity was: D. tosaneϾD. linawianumϾD. monoliforme. The dosage of extract is expressed in milligrams of dry weight of the extract per milliliter of the assay mixture. The results should be further examined in future in vivo studies, which could ultimately lead to the application of these medicinal plants in pharmaceutical preparations.
CONCLUSIONS
A simple protocol for asymbiotic seed germination of three species of Dendrobium has been described. The free radical scavenging activity of total crude extracts of three species of the genus Dendrobium have been quantitatively determined using DPPH assay in this present investigation. The results obtained from the present studies may give a rational explanation for the therapeutic use of the herbs of the genus Dendrobium in Chinese medicine. However, characterization of the active principles of these plants with radical scavenging action is needed and is in progress in our laboratory.
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